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A 4.2-kilobase (kb) cryptic plasinid is present in 96% of isolates of Neisseria gonorrhoeae. An inability to
construct isogenic derivatives which vary in the presence of the 4.2-kb plasmid has prevented the study of its
function. We report a method to deliver an intact 4.2-kb plasmid into plasmidless gonococcal strains. The
method involved transformation with novel 15.7-kb hybrid penicillinase-producing (Pcr) plasmids, which were
cointegrates containing two copies of the 4.2-kb plasmid arranged in tandem direct repeat plus one copy of the
7.2-kb Pcr plasmid pFA3. When the 15.7-kb hybrid Pcr plasmids were introduced into a gonococcal recipient
lacking evident plasmids, they dissociated at a relatively high frequency into plasmids identical to their parents:
the 4.2-kb cryptic plasmid and pFA10 (a stable 11.5-kb plasmid containing one copy of each of the 7.2-kb Pce
plasmid pFA3 and the 4.2-kb cryptic plasmid pFAl). Curing strains of their Pcr plasmids resulted in isogenic
strains which varied only in the presence of the 4.2-kb plasmid. The presence of the autonomously replicating
4.2-kb plasmid did not affect a number of tested phenotypes, including auxotype, antibiotic sensitivity, and
frequencies of variation of outer membrane protein II. The interpretation of the functional significance of the
4.2-kb plasmid was complicated, however, by the additional finding that each of three tested plasmid-free
strains contained a chromosomal fragment of about 1.6 kb that hybridized under moderate stringency with a
1.65-kb Hinfl fragment of the 4.2-kb plasmid.
A small cryptic plasmid of 2.6 megadaltons (4.2 kilobases
[kb]) is present in about 96% of gonococcal isolates (28, 33).
A concatemeric form of the plasmid (7.8 megadaltons) also
has been reported (20). The plasmid structure is highly
conserved in different isolates, although minor differences in
certain restriction sites have been noted (12, 16; K.
Burnstein, personal communication). A complete nucleotide
sequence of a 4.2-kb plasmid, pJDl, was reported recently
(22).
Several investigators have reported a correlation between
the lack of a 4.2-kb plasmid and altered phenotype. A survey
of 85 strains isolated from diverse geographical locations in
Canada showed that those strains that lacked any visible
plasmid also required proline, citrulline, and uracil for
growth (PCU- auxotype [8]) (13). Similar observations were
noted in Bristol, England (10). Lack of a plasmid also has
been associated with sensitivity to vancomycin, a drug used
in some gonococcal isolation media (30). Other studies failed
to associate the plasmid with various properties including
antibiotic resistance (3), immunoglobulin Al protease pro-
duction (21), iron utilization (29), and piliation (16, 28).
A phenotype can be assigned to a plasmid either by curing
the host strain of the plasmid or by transferring the plasmid
of interest into a plasmid-free strain. Previous attempts
failed to eliminate the plasmid from strains that carry it (24),
and transformants or trahsconjugants that acquired a 7.2-kb
Pcr plasmid failed to acquire the donor cryptic plasmid (39).
In this paper, we describe a method to deliver an intact
4.2-kb plasmid into a plasmid-free recipient by using a novel,
unstable 15.7-kb penicillin-resistant hybrid plasmid that con-
tains two copies of the 4.2-kb plasmid in direct tandem
repeat orientation. We also studied putative functions as-
cribed to the 4.2-kb plasmid, using the constructed isogenic
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strains, and searched for evidence for chromosomal se-
quences homologous with the 4.2-kb plasmid.
MATERIALS AND METHODS
Bacterial strains and growth. The bacteria and plasmids
used in this study are described in Tables 1 and 2. Media and
growth conditions were as described previously (4). GC
Medium base broth or agar from Difco Laboratories, De-
troit, Mich., was used throughout. The presence of I-
lactamase production was confirmed by a chromogenic
cephalosporin indicator, compound 87/312 (Glaxo Research
Ltd., Greenford, England) (32).
Preparation of DNAs and restriction endonuclease diges-
tion. Chromosomal DNA of nonpiliated cells (Pil-) was
isolated by the method described by Marmur (26). Plasmid
DNA was isolated by alkali denaturation and phenol extrac-
tion of whole cell (Pil-) DNA followed by one cycle of
ethidium bromide-cesium chloride density gradient centrifu-
gation (4). Restriction endonuclease digestions were per-
formed as recommended in instructions supplied by the
manufacturers (Bethesda Research Laboratories, Inc.,
Gaithersburg, Md., and New England Biolabs Inc., Beverly,
Mass.).
Transformation. The transformation protocol for gono-
cocci was similar to that described previously (4, 38).
Escherichia coli strains were transformed by the method of
Dagert and Ehrlich (11).
Screening for plasmid content. Crude cell lysates contain-
ing plasmid DNA were prepared by a modification of the
method described by Mayer et al. (27). A 50-,ul portion of
cleared lysate was subjected to electrophoresis on a sub-
merged 0.8% agarose horizontal gel. The gel buffer con-
tained 40 mM Tris-20 mM sodium acetate-2 mM EDTA (pH
8). Gels were stained with 1 ,ug of ethidium bromide solution
per ml and viewed with a long-wave UV transilluminator.
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TABLE 1. Bacterial strains
Species and strain Plasmids (kb) Description and reference
N. gonorrhoeae
FA19 pFA102 (4.2) Wild type (24)
FA288 pFA1 (4.2), pFA2 (36), pFA3 (7.2) 14
FA290 pFA7 (5.6), pFA103 (4.2) 14
FA293 pFAl (4.2), pFA2 (36) 14
FA320 pFA103 (4.2) Pcs-cured derivative of FA290
FA514 pFA2 (36), pFA10 (11.5) 17
FA534 None 4
FA559 pFA3 (7.2) 17
FA610 pFA101 (4.2) Strr transformant (str-7) of F62 (38)
FA675 pFA10 (11.5) 17
FA759 None A clinical isolate, Pro- Stri
FA816 pFA41 (15.7) pcr transformant, FA19 x FA675
FA844 None Spontaneous Nalr mutant (nal-6) of FA759 (4)
FA853 None A clinical isolate
FA854 None A clinical isolate
FA918 pFA2 (36), pFA38 (15.7) pcr transformant, FA293 x FA514
FA1090 pFA104 (4.2) A clinical isolate (6)
FA6025 pFA38 (15.7) Pcr transformant, FA844 x FA918
FA6040 pFA41 (15.7) pcr transformant, FA844 x FA816
FA6054 pFA40 (15.7) pcr transformant, FA320 x FA675
FA6058 pFA1 (4.2) Pcs-cured derivative of FA6025
FA6066 pFA41 (15.7) Pcr transformant, FA844 x FA6040
FA6073 pFA102 (4.2) Pcs-cured derivative of FA6066
FA6074 None P.IIb transformant, FA759 x FA1090
FA6092 pFA38 (15.7) pcr transformant, FA6074 x FA6025
FA6099 pFA1 (4.2) Pcs-cured derivative of FA6092
FA6130 pFA42 (15.7) pcr transformant, FA6073 x FA675
E. coli
C.600.5 None Res- Mod- (C. A. Hutchison)
SE5000 None F- araD139 lacU169 rpsL relA thi recAS6 (43)
FA6034 pFA3 (7.2) Apr transformant, SE5000 x FA559
FA6035 pFA10 (11.5) ApT transformant, SE5000 x FA675
FA6036 pFA38 (15.7) Apr transformant, SE5000 x FA6025
FA6069 pFA40 (15.7) Apr transformant, SE5000 x FA6054
FA6070 pFA41 (15.7) Apr transformant, SE5000 x FA6040
Photographs were made through a Vivitar orange filter by
using Polaroid type 55 film.
Recovery of DNA from gels. DNA was extracted by
treating gels made from ultrapure agarose (Bio-Rad Labora-
tories, Richmond, Calif.) with agarase (Calbiochem-Behring,
La Jolla, Calif.) by following the method described by
Finkelstein and Rownd (15). The procedure described by
Higuchi et al. (19) was used for the extraction of bulk DNA
from low-melting-point agarose (BioRad or Bethesda). Re-
striction fragments were purified by excision of the fragment
of interest from an agarose gel, followed by electroelution of
the DNA into a dialysis sac containing Tris-borate buffer
(25), phenol extraction, and concentration by ethanol pre-
cipitation.
Hybridizations. Hybridizations were performed essentially
as described by Southern (36), except for the use of Zetabind
membrane filters (Cuno, Meriden, Conn.). Zetabind mem-
branes allowed repeated hybridizations to a single blot.
Southern blots were washed for 1 h in 0.lx SSC (lx SSC is
0.15 M NaCl plus 0.015 M sodium citrate)-0.5% sodium
dodecyl sulfate (SDS) at 65°C and then prehybridized for 3 h
or more at 68°C in a hybridization solution consisting of 5 x
SSPE (lx SSPE is 0.18 M NaCI plus 0.01 M NaH2PO4 [pH
7.4] plus 0.001 M EDTA [pH 7.4]) (25), 5x Denhardt
solution (25), 20 mM sodium PP1, 0.5% SDS, and denatured
salmon DNA at 100 ,ug/ml. Radiolabeled probes, nick trans-
lated by the procedure of Maniatis et al. (25) with [oa-
32P]dCTP to a specific activity of about 1 x 108 cpm per jig,
were added, and the filters were incubated at 68°C for 18 h in
a heat-sealed bag. Filters were washed successively first in
2x SSPE-5 mM sodium PPr-0.1% SDS and then in O.lx
SSPE-5 mM sodium PP,-.1% SDS buffers for 30 min for
each buffer at room temperature, and finally for 1 h at 68°C
in the latter buffer (high stringency). For less stringent
hybridizations, lOx SSPE was substituted for 5x SSPE in
the hybridization mixture, and final washes were done at
TABLE 2. Plasmids
Plasmid Properties (reference)
pFAl... 4.2 kb, class II cryptic (lacks one MspI
site [Fig. 1])
pFA3... 7.2 kb, pcr (17, 37)
pFA10... 11.5 kb, Pcr, [pFA3:pFA1]a (17)
pFA14... 4.2 kb, Pcr, [pFA3:pFA2] (4)
pFA38 .15.7 kb, Pcr, [pFA1O:pFA1]
pFA40... 15.7 kb, Pcr, [pFAiO:pFA103]
pFA41... 15.7 kb, Pcr, [pFA10:pFA102]
pFA42... 15.7 kb, Pcr, [pFAl O:pFA102]
pFA101... 4.2 kb, class I cryptic (Fig. 1)
pFA102... 4.2 kb, class I cryptic (Fig. 1)
pFA103... 4.2 kb, class III cryptic (deletion within
the 90-base-pair TaqI fragment [Fig. 1])
a [pX:pY] designates a hybrid plasmid between pX and pY.
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50°C instead of 68°C for 30 min (moderate stringency).
Hybridized filters were exposed to Kodak X-Omat R film
(Eastman Kodak Co., Rochester, N.Y.) with a Dupont
Cronex Lightning Plus intensifying screen (Du Pont Co.,
Wilmington, Del.) for 1 to 7 days at -700C. For reuse, each
filter was washed with 0.4 N NaOH at 42°C for 30 min and
then with 0.lx SSC-0.2 M Tris (pH 7.5)-0.5% SDS for
another 30 min. Under moderately stringent conditions, the
extent of the homology between the 4.2-kb probe DNA and
the hybridized chromosomal DNA was estimated to be
approximately 75% (2).
Identification of plasmid-encoded polypeptides (maxiceli
procedure). Plasmid-encoded polypeptides were identified in
vivo by modifications of a protocol described by Taylor et al.
(43). Strain SE5000 and derivatives harboring either pBR322
or other plasmids were grown at 37°C in M9 medium
supplemented with 0.5% Casamino Acids (Difco) and 0.4%
glucose to an optical density at 600 nm of 0.5. Samples (7.5
ml) were spread evenly over the bottom of sterile, 100-mm
glass petri dishes and irradiated with 100 to 150 J ofUV light
per mm2. The irradiated cells were incubated with shaking at
37°C for 1 h in the dark. Samples were plated on L agar for
the determination of remaining viable cells (usually less than
103 CFU/ml), and then D-cycloserine (100 ,jg/ml, Sigma
Chemical Co., St. Louis, Mo.) was added to kill any growing
cells. Incubation was continued overnight in the dark. The
cells were pelleted, washed twice in 1 x M9 salts, suspended
in M9 medium containing 50 to 100 ,.Ci of 35S-labeled
methionine (Amersham Corp., Arlington Heights, Ill.) per
ml and incubated at 37°C for 1 h. After labeling, the cells
were harvested by centrifugation, washed twice in M9 salts,
suspended in 100 j.l of Laemmli solubilizing buffer (23), and
then heated in a boiling water bath for 5 min and stored at
-20TC. The lysates were analyzed by SDS-polyacrylamide
AvaI
TABLE 3. Fate of pcr plasmids in transformants varies,
depending on plasmid content of recipient strain
No. of altered
plasmids/total no. of
StrAin fromowhih Recipient strain plasmids in pcrpFA1s donor DNA (plasmid) transformantsa (%)
was prepared
Deleted Larger
FA675 FA844 (None) 10/66 (17) 0/66 (0)
FA514 FA293 (pFA1, pFA2) 0/36 (0) 11/36 (30)
FA675 FA6073 (pFA102) 0/75 (0) 19/75 (25)
a pcr transformants were selected on media containing penicillin G (0.5
Fg/ml for recipient FA293 and 2.0 g±g/ml for recipient FA844 or FA6073).
Altered plasmids were detected by agarose gel electrophoresis as described in
Materials and Methods.
gel electrophoresis (23). The gels were dried and then
exposed to Kodak XAR-5 film at -70°C for several days.
Determination of P.II switch frequency. We introduced a
gene for a protein-II (P.II) protein from strain FA1090 for
which a specific monoclonal antibody was available (6) into
plasmid-free strain FA759. DNA from P.IIb-expressing
FA1090 was incubated under nonsaturating conditions with
competent FA759 cells, and P.IIb-expressing transformants
were identified by colony blot radioimmunoassay (6), by
using monoclonal antibody H.4 that did not recognize any of
the native P.II proteins in strain FA1090. From one P.IIb-












FIG. 1. Partial restriction fragment map of the class I 4.2-kb
plasmid pFA102. The map is similar to the plasmid isolated from N.
gonorrhoeae strain 82409/55 (12). Figures in the interior refer to the
length of the fragment in base pairs of the related plasmid pJD1 (22).
Arrow (right), MspI site (-----) that is absent in class II cryptic
plasmids; arrow (left), location of the 54-bp deletion (A) within the
90-bp TaqI fragment of class III plasmids (22).
4.2-
(ccc)
FIG. 2. Agarose gel electrophoretic profile of a strain containing
the 15.7-kb plasmid pFA42. Lanes: 1, recipient (FA6073); 2, donor
(FA675); 3, transformant (FA6130). CCC, Covalently closed circle;
OC, open circle. Numbers at left are in kilobases. Chrom,
chromosome.
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FIG. 3. Acquisition of an additional copy of the 4.2-ki
pFAl during pFA10 transformation and comparison ofAva
MspI (B)-digested pFA38 and pFA10. Lanes: 1, pFAlQ; 2
3, pFAl. Numbers indicate sizes of selected fragments in h
structed which contained the 4.2-kb plasmic
(FA6099). Susceptibility of the FA6074 and FA609!
to complement-dependent bactericidal activity of n
nal antibody H.4 was determined as previously d
(6).
Other methods. Susceptibilities to pyocins weri
mined as described previously (18, 31, 35). Suscepti
vancomycin (Eli Lilly & Co., Indianapolis, Ind.) wE
mined by plating approximately 100 CFU of it
gonococci onto GC Medium base agar supplemeni
various concentrations of vancomycin. The concenti
vancomycin at which less than 50% ofCFU survived
h of incubation at 37°C was the single-cell MIC. Th
described by Catlin (8) were used for the determin
auxotypes.
RESULTS
Characteristics of 4.2-kb plasmids. The indigenou
plasmids isolated from gonococcal strains exhibite(
restriction enzyme cleavage patterns, although a fev
tions were noted. Most strains including FA19 con
4.2-kb plasmid very similar to the 4.2-kb plasmid
from Neisseria gonorrhoeae 82409/55 as described
ies and Normark (12) (Fig. 1), designated here as
plasmid. A 4.2-kb plasmid isolated from FA293 la
MspI site, and is designated here as a class II plasr
4.2-kb plasmid isolated from N. gonorrhoeae UM6
lacks the same MspI site as does the 4.2-kb plasmid
from strain FA293 (12). This MspI site is 513 ba
clockwise from the AvaIl site in the pJD1 sequer
Several strains, including FA290, carried a 4.2-kb
similar to pJD1 except for a deletion within the 90-t
TaqI fragment, designated here as a class III plasm
Formation of pFA38. It was reported previou
transformation with the 7.2-kb P-lactamase-produci
cillin-resistant (Pc9 plasmid pFA3 of strain FA293 carrying
the 4.2-kb plasmid pFAl produced many Pcr transformants
that contained Pcr plasmids of altered sizes (37). One ofthem
bp is the 11.5-kb plasmid pFA10 which is a stable recombinant
bp between pFA3 and pFAl (17). When pFA10 was introduced
by transformation into the plasmid-free recipient FA844,
17% of pcr transformants carried plasmids smaller than
pFA10 (Table 3). In contrast, when pFA10 was introduced
- 5400 by transformation into recipients carrying a 4.2-kb plasmid,
25 to 30% of pcr transformants contained pcr plasmids larger
than pFA10 (Table 3). Several of these larger plasmids of
-3006 about 15.7 kb, made in separate experiments, were saved
and designated pFA38, pFA40, pFA41, and pFA42. Charac-
terization by agarose gel electrophoresis of CsCl-purified
- 1840 plasmid DNA from transformants carrying a 15.7-kb pcr
plasmid also usually revealed two low-copy-number plas-
mids of 11.5 and 4.2 kb in addition to the 15.7-kb plasmid
-1100 (Fig. 2).
Segregation of pFA38. Gel-purified DNA corresponding to
the covalently closed circular form of pFA38 was prepared
- 620 from FA918 and was introduced by transformation into
FA844, a plasmid-free gonococcal recipient. Most of the pcr
transformants (25 of 37) contained one plasmid of about 11.5
- 330 kb that comigrated in agarose gels with pFA10. A minority of
the transformants (9 of 37) showed three plasmids of 4.2,
11.5, and 15.7 kb; these comigrated with pFAl, pFA10, and
b plasmid pFA38, respectively. Similar classes of pcr transconjugants
II (A)- or were obtained when donor strain FA918 containing pEA38
pFA38; was conjugally mated with recipient FA844 (data not
ase pairs. shown). These results suggested that pFA38 was unstable
and frequently segregated during genetic transfer into
1 pFAl smaller plasmids of 11.5 and 4.2 kb.
9 strains Structures of pFA38 and associated plasmids. To determine






























FIG. 4. Inferred structure of pFA38 ([pFA10:pFA1]; see Table 2,
footnote a). The map is calibrated in kilobases extending clockwise
from the single HincII site (arrow). The region of plasmid not
designated by a heavy line is of pFA3 origin. The map was
composed by reference to a map of the 11.5-kb pcr plasmid pFA10
(17) and on the basis of results discussed in the text. Fragment sizes
are indicated in base pairs.
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pFA38 transformants of recipient gonococci that originally
contained no plasmids, restriction endonuclease cleavage
patterns of gel-purified plasmids of 4.2, 11.5, and 15.7 kb
prepared from FA6025 were compared with those of pFA1,
pFA10, and pFA38. Results showed identical MspI frag-
ments in pFA10 and pFA38, except that pFA38 acquired two
additional fragments: a 3-kb fragment that comigrated with
one of similar size from pFA10; and a new 1.1-kb fragment
(Fig. 3). The presence of two 3-kb fragments in pFA38 was
confirmed by comparisons of the intensities of gel bands by
densitometry (data not shown). The 3- and 1.1-kb fragments
in pFA38 were identical in size to MspI-digested pFAl
fragments (Fig. 3). These results suggested that pFA38 was
formed from pFA10 by insertion of another copy of the
4.2-kb plasmid pFA1. This conclusion was supported by
analysis of Hinfl digests of pFA38, pFA10, and pFA1; two
additional fragments of 2.4 and 1.8 kb were found in pFA38
as compared with pFA10, and the 2.4- and 1.8-kb fragments
were identical in size to the Hinfl-digested pFA1 fragments
(data not shown). Finally, AvaIlI digests of pFA38 generated
a new 4.2-kb fragment that was precisely the size of linear-
ized pFA1 (Fig. 3). These results provided evidence that
pFA38 was formed by joining a copy of 4.2-kb pFAl (having
one AvaII cleavage site) in direct tandem (head-to-tail)
repeat order to another copy of pFA1 already present in
pFA10 (Fig. 4).
The agarose-eluted DNA bands that corresponded to the
4.2-kb and 11.5-kb covalently closed circular plasmids in
FA6025 were also digested with AvaII, Hinfl, MspI, and
TaqI and were compared with similar digests of 4.2-kb pFA1
agarose eluted from strain FA293 and 11.5-kb pFA10 pre-
pared from FA675. The results showed identical restriction
digest patterns for the two 4.2-kb plasmids and the two
11.5-kb plasmids, indicating that pFA38 segregated into its
component plasmids pFA1 and pFA10 in FA6025 (data not
shown).
The introduction of pFA38 into E. coli resulted in trans-
formants containing the donor Pcr plasmid pFA38 (15.7 kb)
and its Pcr derivative, pFA10 (11.5 kb) (Table 4). No
transformant of E. coli was observed with a Pcs 4.2-kb
plasmid analogous to pFA1, presumably because pFA1
failed to replicate in E. coli.
Mechanism of formation of pFA38. The formation of
pFA38 presumably occurred by the addition of a copy of the
recipient's 4.2-kb plasmid into donor pFA10 during transfor-
mation, since gonococcal recipients lacking a 4.2-kb plasmid
never produced plasmids larger than pFA10 (Table 3). This
possibility was tested by the use of recipients containing
4.2-kb plasmids that could be distinguished by differences in
TABLE 4. Instability of the hybrid Pcr plasmid pFA38
No. of transformants with the following
plasmid contenta:
Recipient strain
4.2-, 11.5-, and 11.5- and 15.7-kb
15.7-kb plasmids 15.7-kb plasmids plasmid
N. gonorrhoeae FA844 30 0 0
E. coli C.600 0 8 0
a Detected by agarose gel electrophoresis as described in Materials and
Methods. Transformants were selected for acquisition of the donor pcr
plasmid, pFA38. Transforming pFA38 DNA was obtained by agarose gel
electrophoresis of CsCl-purified plasmid DNA from FA6025, followed by
agarose extraction of the 15.7-kb pFA38 band. pcr transformants were
selected on GCB agar containing 2 p.g of penicillin G per ml (FA844 recipient),







FIG. 5. Both donor and recipient 4.2-kb plasmids are present in
pFA42. MspI restriction endonuclease analysis of donor pFA10
(FA675), recipient pFA102 (FA19), and transformant pFA42
(FA6130). Lanes: 1, pFA42; 2, pFA102; 3, pFA10. Numbers indi-



















FIG. 6. Marker rescue by the 4.2-kb plasmid. Various concen-
trations of pFA10 DNA prepared from strain FA675 were used to
transform isogenic strains that either contained (FA6073) or lacked
(FA844) the homologous plasmid pFA102. Symbols: 0, FA844; A,
FA6073.
VOL. 167, 1986
690 BISWAS ET AL.
1 2 3 4
A.













FIG. 7. SDS-PAGE (12.5% polyacrylamide) of [35S]methionine labeled maxicells containing recombinant plasmids. (A) The ratio of
bis:acrylamide in the separating gel was 1:19 and the pH was 8.8, to achieve optimal separation of proteins with apparent molecular weights
greater than 30,000. (B) The ratio of bis:acrylamide in the separating gel was 1:38, and the pH of the separating gel was 7.4 to achieve optimal
separation of proteins with apparent molecular weights less than 30,000. Polypeptides synthesized by vector plasmid pFA3 (lane 1) and
recombinant plasmids pFA38 (lane 2), pFA40 (lane 3), and pFA41 (lane 4), respectively, are shown. Relative molecular weights were
determined by comparisons with labeled standards. The figures on the left indicate the apparent molecular weights of polypeptides
synthesized by the 4.2-kb plasmid. Bla, ,B-Lactamase.
their restriction endonuclease profiles. Transformation of
recipient strain FA6073 carrying pFA102 (a class I 4.2-kb
plasmid) with pFA10 (containing an integrated copy of
pFA1, a class II 4.2-kb plasmid) frequently produced pcr
plasmids of about 15.7 kb. One such 15.7-kb plasmid,
designated pFA41, was purified from an agarose gel and
digested with MspI to discern whether it contained donor,
recipient, or both types of 4.2-kb plasmid. Results showed
that pFA41 acquired 1.3- and 1.7-kb MspI fragments char-
acteristic of the recipient 4.2-kb plasmid pFA102 (Fig. 5,
lane 2) while retaining a 3-kb MspI fragment characteristic of
the donor plasmid's copy of pFA1 (Fig. 5, lane 3). Similar
results were obtained when pFA10 was introduced into
FA320, which contains a class III 4.2-kb plasmid, pFA103; a
resultant 15.7-kb plasmid designated pFA40 contained a
1.0-kb MspI fragment typical of recipient plasmid pFA103 in
addition to a 1.1-kb MspI fragment typical of the copy of
pFA1 in the donor plasmid (data not shown). These results
strongly indicated that a copy of the recipient 4.2-kb plasmid
was added to the donor plasmid pFA10 during transforma-
tion, resulting in recombinant plasmids carrying two copies
of a 4.2-kb plasmid. It is possible that some transformants
contained hybrid plasmids with three or more copies of the
4.2-kb plasmid; FA6130 contained two faint bands in agarose
gels corresponding to CCC and OC forms of an -20-kb
plasmid (Fig. 2).
Construction of isogenic sets of strains varying in the
presence of a 4.2-kb plasmid. Introduction of pFA38 into a
plasmid-free strain resulted in the replication of a Pcs 4.2-kb
plasmid along with pcr plasmids of 11.5 and 15.7 kb. Curing
of pcr plasmids from such a strain should allow the construc-
tion of strains harboring only a 4.2-kb plasmid. We suc-
ceeded in isolating spontaneous Pcs derivatives of the pcr
strains FA6025, FA6066, and FA6092; the cured derivatives
were designated FA6058, FA6073, and FA6099, respec-
tively. The construction of these strains entailed the intro-
duction of the pcr plasmid pFA38 or a related plasmid
(pFA40 or pFA41) into a plasmid-free strain, and the subse-
quent growth of the Pcr transformant (or transconjugant)
overnight in GCB medium without penicillin for at least 15
generations. Pcs colonies were identified by replica plating,
and the presence of a 4.2-kb plasmid but absence of the 11.5-
or 15.7-kb plasmids was confirmed by agarose gel electro-
phoresis. All Pcs segregants identified in this manner con-
tained a stable 4.2-kb plasmid.
Attempts to determine a function for the 4.2-kb plasmid.
Pairs of isogenic strains that varied in the presence of a
4.2-kb plasmid were used to correlate the presence of a
plasmid with alterations in several phenotypes. The pres-
ence of a cryptic plasmid did not noticeably alter any of the
following: (i) proline auxotype (FA6058, FA6073, FA6099);
(ii) apparent rates of transition from piliated to nonpiliated
phase, and between opaque and transparent phases as de-
termined by inspection of colony morphology (FA6058); (iii)
apparent rates of P.11 switching as determined by the sus-
ceptibility to complement-dependent bactericidal activity of
a P.IIb-specific monoclonal antibody (FA6099); (iv) in-
creased sensitivity to vancomycin (FA6058, FA6073,
FA6099); (v) susceptibility to pyocins that attach to lipopoly-
saccharide (FA6058, FA6073); or (vi) whole cell proteins as
determined by SDS-polyacrylamide gel electrophoresis
(FA6058, FA6073).
The transformation of a competent strain FA6073 contain-
ing a 4.2-kb plasmid with pFA10 DNA prepared from FA675
resulted in a 20-fold-increased frequency of pcr transforma-
tion compared with an isogenic recipient (FA844) lacking the
4.2-kb plasmid (Fig. 6). No increase in the frequency of
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chromosomal Stir DNA (transformation frequency, 10-3) or
by Pcr plasmid pFA14 (4) (transformation frequency, 10-6),
suggesting that the effect of the 4.2-kb plasmid was specific
for transformation by pFA10. Since donor pFA10 contains a
4.2-kb plasmid pFA1, closely related to pFA102 in the
recipient FA6073, the increased transformation frequency
probably resulted from marker rescue (4) mediated by the
homologous plasmid in the recipient.
Identification of pFA38-encoded proteins. Since pFA38
must contain an intact reading frame of a 4.2-kb plasmid and
is able to replicate in E. coli, we used the maxiceil system
(34) to identify proteins encoded by a 4.2-kb plasmid. Six
proteins, 55K (apparent molecular weight, 55,000), 41K,
40K, 29K, 18K, and 14K, were consistently produced by an
E. coli SE5000 derivative containing the control 7.2-kb pcr
plasmid pFA3 (Fig. 7, lane 1). In addition to these proteins,
three additional proteins, 36.5K, 17K, and 12K, were pro-
duced reproducibly but in small amounts by SE5000 deriv-
atives containing pFA38, pFA40, and pFA41 (Fig. 7, lanes 2,
3, and 4, respectively). A 20K protein was produced only by
pFA40 (Fig. 7, lane 3). These results suggested that four
proteins, 36.5K, 20K, 17K, and 12K, were encoded by the
4.2-kb plasmids.
Identification of chromosomal DNA partially homologous
with the 4.2-kb plasmid. To detect possible plasmid se-
quences in the chromosome, hybridization was performed
with a 4.2-kb plasmid DNA. We used the hybrid plasmid
pFA10 ([pFA1:pFA3]; see Table 2, footnote a) prepared
from E. coli FA6035 as the probe. The 4.2-kb plasmid pFA1
does not replicate in E. coli, but the plasmid can be grown in
E. coli when it is integrated into a plasmid such as pFA3 that
will replicate in E. coli. Results with pFA10 DNA as the
probe were identical to those obtained with gel-purified
4.2-kb plasmid DNA from a gonococcal host strain as the
probe (data not shown). As a control, hybridization with
pFA3 DNA failed to detect homology in similar experiments
(data not shown).
Under moderate stringency, the pFA10 DNA probe hy-
bridized to a 1.6-kb Hinfl fragment of FA759 DNA (Fig. 8,
lane E), but no hybridization was detected under high
stringency (Fig. 8, lane G). (No hybridization was detected
in the area to which a freely replicating 4.2-kb plasmid would
migrate in undigested FA759 DNA [Fig. 8, lanes B and D].)
We found essentially identical results with FA853 and FA854
(data not shown). Five independent single-colony isolates of
FA759, including piliated and nonpiliated colonies, yielded
similar results (data not shown).
To determine which portions of the 4.2-kb cryptic plasmid
shared homology with the chromosome of strain FA759,
gel-purified plasmid fragments (1.1- and 1.7-kb MspI frag-
ments and a 1.65-kb Hinfl fragment [Fig. 1]) were used as
probes in Southern blot hybridizations under moderately
stringent conditions (Fig. 9). These three fragments spanned
nearly the entire plasmid (Fig. 1). The 1.7-kb MspI fragment
hybridized weakly to a 1.6-kb chromosomal, Hinfl fragment,
but the 1.1-kb MspI fragment did not hybridize significantly
to FA759 (Fig. 9A and B, lane 7). In contrast, the 1.65-kb
Hinfl probe hybridized strongly to the 1.6-kb Hinfl chromo-
somal fragment of FA759 (Fig. 9C, lane 12). Although we do
not know precisely the location of the homologous se-
quences in the 4.2-kb plasmid, the region of homology
probably included much of the 1.3-kb MspI fragment (Fig.
1). Similar results have been obtained recently by other
investigators (S. Byrne, L. Slaney, and F. Plummer, Abstr.
Annu. Meet. Am. Soc. Microbiol. 1985, D31, p. 59; P.
Hagblom, Ph.D. thesis, University of Umea, Sweden, 1985).














FIG. 8. Detection of partial DNA homology between the gono-
coccal chromosome and the cryptic 4.2-kb plasmid. Probe DNA was
32P-labeled pFA10 prepared from E. coli FA6035. Lane A, Size
standards containing linear fragments derived from a mixture of
pFA10 and pFA101 isolated from gonococci. pFA10 cleaved with
PstI or HindIll or MspI produced 11.5-kb, or 7.2- and 4.3-kb, or
5.4-, 3-, and 1.8-kb fragments, respectively (17, 40). The 1.5-, 0.8-,
and 0.6-kb fragments were generated by TaqI digestion of pFA101.
Lane B, Uncut pFA101; lane C, HinfI-digested pFA101; lanes D and
F, 10 1Lg of uncut DNA from FA759; lanes E and G, 10 Fg of DNA
from FA759 cut with 40 U of Hinfl. Hybridization was at high
stringency (lanes F and G) or moderate stringency (lanes A through
E). The hybridization shown in lanes F and G was done first,
followed by rehybridization of the same blot under moderate strin-
gency (lanes A through E). Numbers at left are in kilobases.
DISCUSSION
We report a method to deliver an intact 4.2-kb cryptic
plasmid into gonococcal strains that lack a similar autono-
mous plasmid. The method utilizes novel 15.7-kb Pcr plas-
mids derived by transformation. The 15.7-kb plasmids are
cointegrates containing two copies of the 4.2-kb plasmid plus
one copy of the 7.2-kb Pcr plasmid pFA3. The two copies of
the 4.2-kb plasmid are arranged in direct repeat orientation
in pFA38. The 15.7-kb plasmids are unstable and apparently
excise a perfect copy (as determined by restriction mapping)
of the acquired 4.2-kb plasmid that replicates autonomously
in gonococcal hosts. Transfer of pFA38 or related 15.7-kb
plasmids into a plasmid-free host, followed by curing of the
Pcr plasmids, yielded isogenic Pcs strains varying only in the
presence of a 4.2-kb plasmid.
Because introduction by transformation of pFA10 only
resulted in larger plasmids such as pFA38 if the recipient
contained a 4.2-kb plasmid (Table 3), we infer that pFA38
was formed by recombination between homologous regions
in the donor and a recipient copy of the 4.2-kb plasmid.
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FIG. 9. Hybridization of a 1.65-kb Hinfl fragment of the 4.2-kb cryptic plasmid to a similarly sized Hinfl fragment of FA759 chromosomal
DNA. Hybridization was carried out under moderately stringent conditions. Three gel-purified fragments (1.7-kb and 1.1-kb MspI fragments
and a 1.65-kb Hinfl fragment [Fig. 1]), obtained by digestion of a 4.2-kb plasmid (pFA101) isolated from a gonococcal strain, FA610, were
used. (A) Southern blot probed with a 1.7-kb pFA101 MspI fragment (lanes 1 through 7). (B) Same blot, (lanes 1 through 7) rehybridized with
a 1.1-kb pFA1 MspI fragment. (C) Similar Southern blot, probed with a 1.65-kb pFA101 Hinfl fragment (lanes 8 through 12). Lanes: 1 and
8, size standards as described in the legend to Fig. 8; 2, MspI-digested pFA1 (a 4.2-kb cryptic plasmid that lacked an MspI site present in
pFA101, which resulted in only two rather than three principal MspI fragments); 3, MspI-digested pFA101 (weak hybridization to small
fragments in [Fig. 9A, lanes 2 and 3] indicated that the 1.7-kb MspI probe probably was contaminated by small amounts of the 1.3- and 1.1-kb
MspI fragments); 4 and 9, undigested pFA101; 5 and 10, HinfI-digested pFA101; 6 and 11, undigested FA759 chromosome; 7 and 12,
HinfI-digested FA759 chromosome.
of hybrid 15.7-kb plasmids, which showed that both the
donor and recipient 4.2-kb plasmid were present in the
hybrid (Fig. 5). The simplest model for the formation of
pFA38 and the excision of a 4.2-kb plasmid from pFA38 is a
Campbell-like recombination event (7) between the 4.2-kb
plasmids. Our data permit neither a precise interpretation of
the sites of interaction between the 4.2-kb plasmids nor an
elucidation of the exact mechanisms involved.
The 7.2-kb ,B-lactamase plasmid pFA3-encoded proteins,
14K, 18K, 29K, 40K, 41K, and 55K, identified by the
maxicell procedure, matched the sizes of most of the 7.2-kb
plasmid-encoded proteins observed by Stein et al. (40), who
used a different procedure, although they did not detect the
55K protein. Stein et al. used a hybrid plasmid pFT180
similar to our plasmid pFA10 (40). Since we observed a
reduction in the intensity of the 55K protein band in strains
containing pFA10 derivatives (Fig. 7, lanes 2, 3, and 4)
compared with those containing pFA3 derivatives (Fig. 7,
lane 1), reduced expression of the 55K protein may result
from fusion of one or more 4.2-kb plasmids into pFA3.
Three novel proteins, 35.5K, 17K, and 12K, were pro-
duced by E. coli derivatives containing each of the plasmids
pFA38, pFA40, and pFA41, that contain at least one fully
intact copy of a 4.2-kb plasmid, as compared with controls
that contained pFA3, indicating that these proteins are
probably encoded by the 4.2-kb plasmid. Another 4.2-kb
plasmid-specific protein (20K) was observed only in E. coli
derivatives containing pFA40, which carries a class III type
4.2-kb plasmid. Recently Korch et al. (22) sequenced a
gonococcal 4.2-kb plasmid pJD1, and identified several open
reading frames. Our observations of 12K, 17K, 20K, and
36.5K proteins in E. coli harboring 4.2-kb plasmid DNA may
correspond to the 9K, 17K, 24K, and 33.5K proteins pre-
dicted by Korch et al. (22). More direct evidence is required,
however, to prove that each of the proteins we observed
weakly in maxicell preparations represents a unique 4.2-kb
plasmid gene product.
We were unable to confirm any of the functions postulated
for the 4.2-kb plasmid, based on epidemiologic studies of
unrelated clinical isolates (10, 13, 30). Phase variation of
outer membrane protein P.IIb from strain FA1079 also was
unaffected by the presence of a 4.2-kb plasmid (41, 42, 44),
and there was no evidence for alterations in pilus variation
frequencies, cell membrane proteins, auxotype, antibiotic
sensitivities, membrane proteins, or lipopolysaccharide
structure.
The increase in frequencies of transformation by the Pcr
plasmid pFA10 in recipients harboring a 4.2-kb plasmid (Fig.
6) undoubtedly was the result of the rescue of a fragmented
donor plasmid by recombination with a homologous replicon
in the recipient. This phenomenon has been widely observed
in many bacterial species (1, 9) and was clearly demon-
strated previously for another gonococcal plasmid (4). In
another study we demonstrated that pFA10 frequently is
deleted after entry by transformation if the recipient contains
no homologous plasmid (17), and recently we have observed
the production of linear fragments during the entry ofpFA10
(5). The observed lack of deletions of pFA10 recovered from
transformants of recipients carrying a 4.2-kb plasmid (Table
3) is consistent with this model. Because the presence of the
4.2-kb plasmid had no effect on transformation frequencies
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DNA, the increased transformation by pFA10 was not
caused by a generalized increase in competence for trans-
formation.
There might be several reasons for the failure to detect
phenotypic differences attributable to 4.2-kb plasmids. We
might not have tested the appropriate phenotype, including a
long list of candidates. We did test all suggested phenotypes,
however. Another reason might be that there was 4.2-kb
plasmid DNA in the chromosome of some or all "plasmid-
free" strains. We searched for integrated 4.2-kb plasmid
DNA in FA759 and its derivatives and found homology of a
1.6-kb Hinfl chromosomal fragment to 4.2-kb plasmid probe
DNA under moderately stringent conditions of hybridiza-
tion. Under more stringent hybridization conditions, no
homology could be demonstrated between 4.2-kb plasmid
DNA and FA759 chromosomal DNA. Because three tested
plasmid-free strains contained a 1.6-kb Hinfl fragment which
hybridized with the cryptic plasmid and only under moderate
stringency, it appears that not all 4.2-kb plasmid sequences
are essential for the gonococcus. Proof of the absolute extent
of 4.2-kb plasmid DNA in the chromosome, of the amount of
sequence divergence from autonomously replicating 4.2-kb
plasmids, and of the site of integration will require cloning
and DNA sequencing, which were not attempted. Proof of
the possible functional importance of the 1.6-kb chromo-
somal fragment that hybridizes to the 4.2-kb cryptic plasmid
also will require additional evidence.
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